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<g) Artificial antibody. 

@ An artificial antibody having antigen binding and artificial cell adhesive activity is described, 
comprising the amino acid sequence Arg-Gly-Asp-Ser Introduced into a constant region of the H-chaln 
of an artificial antibody. 

DNA coding for the artificial antibodies of the invention form another aspect of the invention. 
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This invention relates to an artificial antibody, and in particular, to multifunctional artificial antibody to which 
a new function of artificial. cell-adhesive activity has been introduced. 

With the recent advances in molecular biology, the mechanisms by which cells and the extracellular matrix 
adhere are coming to be understood on the molecular level. Of the extracellular matrix proteins, Fibronectin 

5 (FN) was thefirstfound to contain an essential sequence for cell adhesion. Thus the Arg-Gly-Asp-Ser sequence 
(hereinafter referred to as R-S sequence: SEQ ID No. 1) In the cell-binding domain of FN has been found to 
be essential for cell adhesion by Ruoslahti etal. (Nature, 309, 30-33, 1984). The ROD part of this sequence 
is needed for cell adhesion and substitution for other amino acids cannot be done without loss of cell-adhesive 
activity, but the Serine can be replaced by, for example, threonine, alanine, cysteine, or valine without loss of 

10 activity. However, if substitution is with proline or lysine, the activity is lost Proteins other than FN that contain 
the sequence RGD include thrombin, vitronectin, von Willebrand factor, fibrinogen, collagen, discoidin I, X- 
Phage receptor, and others, It has thus been suggested that the RGD sequence is closely related to protein 
functions (Ruoslahti et al. Proc. Natl. Acad. Sc. USA, 81 , 5985-5988, 1984).. However, it is net certain whether 
the RGD sequence in these molecules confers cell-adhesive activity. For example, although fibrinogen has the 

15 R-S sequence, it does not have cell-adhesive effects on fibroblasts. 

Another ri n| |e of ce.l - dr\u i\e protein >n c K>fon tot in e rn i -n ..bo if ,$ l^minm Uminin is i gtvuop 
rote in of hiq'i iWec jlai ve ;ht f una in the ba^T.Pit r, p ibrah , a no i! has cell-adhesive activity towa i a 
variety of cells in ^ epithelium it ha* bc.o reported (Graf el a' . Cell, 4d 989-99b, 1StT. 'hat ti.e smallest 
eq< n,f- r-latp- 1 - »l| adh S n is -yr-lle-Gly-Ser-Ar I e -in ? rrtterei s < P «=■ iUun^e c EO 10 No 

20 2). Laminin also has the RGD sequence, but it is not known if the sequence Is related to the cell-adhesive 
cstivity - - 

in addition, it is known that the Glu-lle-Leu-Asp-Val (neremater related to as E-V sequence PEG ID No, 
3) sequence in the IIICS domain of FN is related to the adhesion of lymph cells and melanoma cells. 

Antibodies are produces in yjyofollowing a stimulus by an antigen, and they bind specifically to the antigen 
25 that provided this stimulation.' Immunoglobulins (Igs) have this fuheffen.-aridlhey have been classified into sub- - 
classes IgG, IgA, IgM, IgD, and IgE, each of which has a basic structure made up of a combination of heavy 
(H) chains and light (L) chains. Antibodies contain a constant region and a variable region. The constant region 
has a constant sequence of amino acids that is decided genetically. The variable region is the binding site of 
the antibody to its antigen; the sequence of amino acids depends on the antigen for which the antibody is speci- 

30 fic. v 

Antibodies have multiple functions. Some antibodies act as agglutinins, precipitins, hemolysins, or anti- 
toxins, and some have complement-fixing, virus-neutralizing, or anaphylatie activities. So far, an antibody that 
has the function of cell-adhesive activity like that of FN and laminin mentioned above has not been found. 
In the self-defense mechanism of the body, there are R-S sequence-dependent receptors on the surfaces 
35 ii the ma r>ph^e»' when car, plI pbpji y o^ FEBG Letters 2 378 ofi_ 198^ B\ he insertion of a 
peptide with cell-adhesive activity such as the R-S sequence into the appropriate region of an antibody 
molecule, it Is possible to accelerate the phagocytosis of immghe complexes,which consist of a foreign sub- 
stance c id anti Pi ibably v.her acti ities >f_c Is r o ;er in - mrriuriity c i. al J"beTn rea ed By 

Thus the object of this inventior s to provide an antibody /itl a igen-binding" activity, in which has been 
introduced affinity for cells, and macrophages in particular, and also. to provide a methoc for the production of 
such antibodies. 

Briefly, this invention relates to a novel artificial antibody having an antigen binding activity and an artifical 
45 cell-adhesive activity. This invention also relates to a DNA which codes for a constant region of H-chain of an 
artificial antibody, said constant region having been introduced with an amino acid sequence having an artificial 
cell-adhesive activity. 

In the present invention it Is possible to use as the antibody any substance that-has the immunological 
specificity to antigen and has antigen-binding activity. Thus, a fragment such as the Fab fragment, for example, 

so can be used. By artificial cell-adhesive activity is meant the following. An amino acid sequence with cell-adhe- 
sive activity can be inserted Into the antibody molecule in question or substituted for the usual amino acid sequ- 
ence of the antibody in question by the use of the methods of protein engineering and genetic engineering. 
Artificial cell-adhesive activity is the newly expressed activity that results by such insertion or substitution. Sequ- 
ences of amino acids that have cell-adhesive activity include, for examples, the RGD, Y-R, and E-V sequences 

55 mentioned above. Any sequence that can confer cell-adhesive activity on antibodies can be used. Said amino 
acid sequence can be introduced at any position in the antibody molecule that is exposed on the surface of 
the three-dimensional structure of the antibody molecule. To obtain the most suitable artificial antibody, the 
amino acid sequence with cell-adhesive activity can be selected by identification of a suitable position of said 

2 
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sequence and by measurement of the cell-adhesive activity. 

The DNA sequence that codes for the amino acid sequence with cell-adhesive activity described above 
can be inserted into a sequence of DNA that codes for any antibody that can be expressed by the use of genetic 
engineering, so that said DNA sequence that codes for the amino acid sequence with cell-adhesive activity is 
5 connected in the correct position for it to function as an open reading frame. Then plasmids that carry this DNA 
sequence are used to transform cells that are capable of producing the antibody. These transformants are cul- 
tured by tissue culture or else allowed to replicate in a living organism, so that the artificial antibody that is to 
be produced is obtained. 

Antibodies that have been expressed by the use of genetic engineering include, for example, anti-phos- 

10 phorylcholine IgG (FEBS Letters, 244, 303-306, 1989). Said antibody is a human/mouse chimera antibody. 
Plasmid pSV2HG1 Vpc that carries the DNA sequence that codes for the H-chain variable region of the mouse 
anti-phosphorylcholine antibody and the DNA that codes for the H-chain constant region of human IgG gam- 
ma-type and also plasmid pSV2HC K Vpcthat carries the DNA sequence that codes for the L-chain variable reg- 
ion of murine anti-phosphorylcholine antibody and the L-chain constant region of human IgG Kappa-type are 

fs used to transform murine melonoma SP 2/0 cells for the production of this antibody. The DNA sequence that 
codes for this antibody, which can be, for example, the DNA sequence that codes for the CH3 region of the 
H-chain constant region of human IgG gamma-type, has inserted in its sequence by site-directed mutagenesis 
a DNA sequence, such as, for example, the DNA sequence that codes for the R-S sequence described gbove, 
and Is connected in this way with the DNA sequence that codes for this amino acids sequence with cell-adhesive 

20 activity as an open reading frame. This modified DNA sequence that codes for the H-chain constant region of 
human IgG gamma-type and the DNA sequence that codes forthe H-chain variable region of mouse anti-phos- 
phorylchoiine antibody are connected, and plasmids that carry this DNA fragment, such as, for example, plas- 
mid pSV2HC k Vpc, are used to transform SP 2/0 cells, by which means it is possible to obtain cells that produce 
antl-phosphorylchollne antibody to which a cell-adhesive amino acid sequence has been introduced;. , 

25 The antibody produced by recombinants can be purified If necessary by the use of : ipnTexcbange 
chromatography, affinity chromatography, and the like. 

By use of the procedures of protein engineering and genetic engineering, it is possible to produce .cell-adhe- 
sive activity of the antibody into which an amino acid sequence with cell-adhesive activity has been introduced, 
and it Is possible to measure the introduced cell-adhesive activity by, for example, the method of Ruoslahti 

so (Methods in Enzymology, 82, 803-831, 1981). The sample to be tested is dissolved in phosphate-buffered saline 
(PBS) or the like and allowed to adsorb to the wells of a mlcrotltre plate, Then blocking is done with bovine 
serum albumin (BSA), and either baby hamster kidney (BHK) cells or normal rat kidney (NRK) cells are placed 
in the wells and incubated at37°C. The cells are examined under a microscope for spreading, by which means 
the cell-adhesive activity of the sample to be tested is evaluated. When this was done, anti-phosphorylcholine 

35 antibody that did not contain the R-S sequence was found not to have cell-adhesive activity, but anti-phos- 
phorylcholine antibody that did contain the introduced R-S sequence had cell-adhesive activity in addition to 
its antigen-binding activity: A substance such as phosphorylcholine KLH, for example, can be used to measure 
the antigen-binding activity of said modified or non modified antibody. Inthis way, it was found that cell-adhesive 
activity depended on the presence of the RGDS sequence. When the S of the sequence RGDS was replaced 

40 by other amino acids, such as, for example, V, A, T, C, or F, cell-adhesive activity was found, so the S of the 
sequence RGDS may be replaced by V, A, T, C, F, or so on. Also, Insertion of the cell-adhesive sequence, 
R-S, Y-R, or E-V sequence may be in an appropriate restriction site with gene engineering techniques. When 
there is no appropriate restriction site, site-directed mutagenesis can be used to insert the desired amino acid 
sequence in the appropriate position. However, it is difficult to predict if cell-adhesive activity will be conferred. 

45 It is an important point whether the inserted site has a three-dimensional structure which can be recognized 
by cell receptors. 

The DNA that codes for the constant region of H-chain and the introduced amino acid sequence that has 
cell-adhesive activity can be connected with the DNA that codes for the variable region of the H-chain, and by 
this means, the DNA that codes forthe H-chaln of the antibody that has an amino ac|d sequence with cell-adhe- 
50 sive activity can be obtained. 

As the DNA that codes for the constant region of H-chain that has an Introduced amino acid sequence that 
has cell-adhesive activity, there is, for example, a DNA sequence of SEQ ID No. 4 that codes for the constant 
region of an H-chain of human IgG gamma-type into which the R-S sequence has been inserted. Plasmid 
pSV2HG1 -gpt-CT2 carries the DNA sequence of SEQ ID No. 4 and by the use of Escherichia coll HB1 01/CT2 
55 (FERM BP-3399) that has been transformed with said plasmid, the plasmid pSV2-HG1 -gpt'CT2 can be prepared 
easily. In this plasmid, any DNA that codes for the variable region of H-chain can be inserted readily, and com- 
bined with any plasmid that can produce the desired L-chain, so that by use of genetic engineering, It is possible 
to produce readily an artificial antibody to which cell-adhesive activity has artificially been introduced. As the 
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variable region of the H-chain, either the human type or mouse type can be. used, and as the antigen to be 
recognized, there are, for example, tumor antigens and sugar-chain antigens. 

As explained in detail above, by this invention, it is possible to provide an antobody that has strengthened 
affinity for cells by the artificial introduction of cell-adhesive activity. 

s These multifunctional antibodies are of use in the self-defense mechanism of organisms that involves anti- 

bodies and effector cells. In addition, the movement of trie antibodies to the tissues is increased, so the effects 

qf the antibodies are increasec! in the tissues, as well. r . ..../...., 

The invention will be explained in more detail by means of the following Examples which refer partly to the 
accompanying drawings wherein: 

10 Figure 1 shows the structure of pSV2-HGlgpt, Figure 2 shows the partial restriction map and the structure 
of the region coding for the constant region of the human IgG heavy chain shown in Figure 1 . Figure 3 shows 
the process of construction of the plasmid pUOCH3. Figure 4 shows the process of construction of the plasmid 
pUC1 |i hG1 aid restrict on ma' F ju e 5 sho/ & me f rocess of cu istruqtion of the pl^m.d pUCCTI PO 
b HCrlann .p=hi. tienmap c n ure 6 shov. * the proees s ot constructic i of the p.^Tiid f.SV? HG ] gp'CT, and 

15 restriction r\%> Figure 7 <;hows the ^ruce^s ot conairodion of the plasmid p.lJGl'9-'CT2 and rasiiiv uon map. 
. . Figure 8 shQws th? pf?pesS of-PPnst diopcftho pUanvnptl r-CT^PCLAPCRandr^frictlos.rndp Fijur^ 

9 nrwsth^r <-e.sor en, ruci\ n Dt she pla^i^S/? ri--1 gp CT2 and rt-tncti h ma Fig e10si vs 
the process of Construction of the plasmid pSV2HG1VpcCT1 and restriction map. Fugurte 11 Shows the pro- 
c s fcm^trurt.nafHw J sn« pSV* H-1 Vpr CT? ?nd r*=,fi,rt,ur „ 9 p 

20 • ;>■"."■■ :- v--- • . 

Example 1 ,:...:^ z: . 

Constmctiorr of R-SsequencecontainlnglgGexpression vector.. .. . 

25 (1 ) Construction of pUCCTI and pUCCT2 .... . , ^. : \..- .. 

. .. . A plasmid pSV2-HG1 gpt that was previously constructed by these Inventors (FEBS Letters, 244, 303-306, 
1989) contains a structural gene coding for the constant region of the human IgG heavy chain. The structure 
of pSV2-HG1gpt is shown in Figure 1 and the partial DNA sequence of the structural gene is represented by 
3d the. sequence of SEQ ID No.5 in the Sequence Listing. 

Figure 1 is a figure showing the structure of pSV2-HG1 gpt and Figure 2 is a figure showing the partial res- 
triction map and the structure of the region coding forthe constant region of the human IgG heavy chain shown 
in Figure 1. In sequence of SEQ ID No.5, base No. 209-502 is a region coding for CH1 and base No. 891-935 
is a region coding for the hinge region and base No. 1054-1383 Is a region eofing for CH2 and base No. 1480- 
35 ItOOi* ,-egonoodnc forCf-13 Ba-e Nj 18C2 135 193° i%0^ ( thence* for on,,, arc ion of puma f r 
PGR and base No. 1 902-1 90S is uie pcly(A) addition signai sequence 

First, 115 ug of plasmid pSV2-HG1gpt was digested with 50 units of Smal in 105 pi of a reaction mixture 
containing buffer T for use in restriction enzyme reactions (33 mMTris-acelate, pH 7.9;- 10 mM magnesium 
a e e > dithiothrei d 86 mM p siun j t *■* j <_. ij 1 i | r d «■ eat J 

■ 40 - by6% polyacryfamidegel electrophoresis/and fragments app7ox.rr.aiel> 0 3 kbpjong mat contained the region 
■ ■ cbdingforalmost all of the GH3 domain of the IgG heavy chain was obtained^--- - -,. - W-v ■ 
■ . -.-..Next,-5 jig pf.pUC1.18 Avas.digested with. 10.units.of :Smaljn"26. pl.oia-reactipamjxture.containing buffer 

T for use in restriction e^zymereactians at 37 °C for 2 hours. Then 0.6 mit of bacterial airline phosphatase 
from Escherichia eo// was added and the mixture-was incubated at 65 °C for 1 hour. An equal volume of phenol 
45 ' saturated with TE buffer (10 mM Tris-MCI, pH 8=0, and 1 mM EDTA) was added and mixed by being vortexed . 
The mixture was centrifuged at 1 2000 rpm for. 5 minutes at 25 °C and the two phases obta : ned wore separated. 
An equal volume of a 1 :1 mixture (v/v) of the phenol saturated with TE buffer and chloroform was added to the 
aqueous phase and mixed by being vortexed. The mixture was centrifuged at 12000 rpm for 5 minutes and the 
two phases obtained were separated, An equal volume of chloroform was added to the aqueous phase and 
so mixed by being vortexed. The mixture was centrifuged at 12000 rpm for 5 minutes and the upper phase was 
obtained. The DNA fragment was recovered from this aqueous phase by ethanol precipitation. 

This depho.sphorylated digest of pUC1 1 8 by Smal and the fragment approximately 0*3 kbp long that con- 
tained the region coding for almost all of the CH3 domain of the IgG heavy chain obtained as described above 
were mixed and incubated in 11.5 ui of a reaction mixture containing ligation buffer (66 mM Tris-HCI, pH 7.8, 
55 : 6.6 mM MgCI 2 , 10 mM dithiothreitol, 0.5 mM ATP, and 10% PEG 6000) at 37 "C for 1 hour. A portion of the 
re-action mixture was used to transform E. coli DH5 cells. These transformed cells were spread over the surface 
of plates of LB agar (1 % tryptone, 0.5% yeast extract, 0.5% NaCI , and 1.5% agar) containing 50 p.g/ml amplcillin 
a'id incubated overnight at 37 °C. Single colonies of cells grown on the plate were inoculated into 2 ml of LB 
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broth (1 % tryptone, 0.5% yeast extract, and 0.5% NaCI} containing 50 ug/ml ampicillin and cultivated overnight 
at 37 °C with shaking at 230 rpm. From these cultured cells, plasmids were extracted. Samples of the plasmids 
obtained were digested with 10 units of Sma\ and 0.5 ug of RNase A in 10 pi of a reaction mixture containing 
buffer T for use in restriction enzyme reactions at 37 °C for 2 hours. The reaction mixture was then treated by 

5 6% polyacrylamide gel electrophoresis and plasmids carrying the DNA fragments approximately 0.3 kbp long 
were selected. Samples of these plasmids were digested with 12 units of BamHl, 10 units of Afe/I, and 0.5 ul 
of RNase A in 20 ul of a reaction mixture containing buffer H for use in restriction enzyme reaction (50 mM 
Tris-HCI, pH 7.5, 10 mM MgCI 2 , 1 mM dithiothreitol, and 100 mM NaCi) at 37 °C for2 hours. The reaction mixt- 
ures were treated by 6% polyacrylamide gel electrophoresis, and plasmid carrying the DNA fragment approxim- 

10 ktely 230 bp long was selected. The plasmid was named pUC-CH3. The construction of pUC-CH3 is sum- 
marized in Figure 3. 

For site-directed mutagenesis single-stranded DNA dU-ssDNA pUC-CH3, was prepared from this pUC- 
CH3 by the method of Kunkal as follows. 

First, pUC-CH3 was used to transform of £ coli MV1184 cells. These transformed cells were spread over 

15 the surface of plates of LB agar containing 1 50 ug/ml ampicillin and incubated overnight at 37 °C. Single col- 
onies of cells grown on the plates were inoculated into 2 ml of LB broth containing 150 ug/ml ampicillin and 
cultivated overnight at 37 °C with shaking at 230 rpm. Then 10 ul of the overnight culture and 20 ul of helper 
phage M13K07 were added into 2 ml of 2YT broth (1.6% Bactotrypton, 1% yeast extract, and 0.5% NaCI) con- 
taining 150 ug/ml ampicillin and the mixture was incubated at 37 °C for 30 minutes. Kanamycin was added to 

20 the culture to the final concentration of 70 ug/ml, and the cells were cultivated at 37 °C for 1 6 hr with shaking 
at230 rpm. The culture was centrifuged at 12000 rpm and 4 "C for 1 0 minutes and the culture supernatant was 
obtained. Next, 20 ul of the supernatant was added to a culture of £ coli BW313 cells to transform them. The 
transformed cells were spread on the surface of plates of LB agar plates containing 150 ug/ml ampicillin and 
incubated overnight at 37 °C. A single colony of cells grown on the plates and 20 ul of helper phage M13K07 

25 was used to inoculate 2 ml of 2YT broth containing 150 ug/ml ampicillin and Incubated at 37 °C for.3D minutes. 
Kanamycin was added to the culture to the final concentration of 70 ul/ml. The cells were cultivated at 37 °C 
overnight with shaking at 230 rpm. Then 1.5 ml of this culture was centrifuged at 12000 rpm for 10. minutes at 
4 °C and 1 ml of the supernatant was sampled. Next, 250 ul of 20% PEG 6000- 2.5 M NaCI was added to the 
supernatant and the mixture was incubated at room temperature for 30 minutes before being centrifuged at 

30 12000 rpm for 10 minutes. The precipitate was dissolved in 100 ul of TE buffer. Single-stranded DNA incor- 
porating deoxyuridine (dU), named dU-ssDNA pUC-CH3 below, was obtained by phenol extraction and ethanol 
precipitation. 

C1788-A1789 in the DNA sequence coding for the CH3 region was selected as the position fora sequence 
coding for cell-adhesive activity to be added. DNA coding for the R-S sequence was introduced when the DNA 

35 sequence coding for amino acid sequence of SEQ ID No.6 was inserted at that position. 

The DNA fragment for use in mutagenesis, with sequence of SEQ ID No.7 in the table of sequences, was 
synthesized with a DNA synthesizer and deblocked. This fragment was purified by polyacrylamide gel 
electrophoresis and phosphorylated with use of T4 polynucleotide kinase. Next, 0.2 pmol of dU-ssDNA pUC- 
CH3 and 1 pmol of this phosphorylated fragment were treated in 10 ul of a reaction mixture containing 20 mM 

to Tris-HCI, pH 8.0, 10 mM MgCl z , 5 mM NaCI, and 1 mM dithiothreitol at 65 "Cfor 15 minutes, and annealed by 
being left at 37 °C for 15 minutes. Then, 25 ul of the solution containing 50 mM Tris-HCI, pH 8.0, 0.60 mM 
ammonium acetate, 5 mM MgCI 2 , 5 mM dithiothreitol, 1 mM NAD, and 0.5 mM dNTP (G, A, T and C) was added 
to this reaction mixture after it was left for 15 minutes, and 1 unit of T4 DNA polymerase and 60 units of T4 
DNA ligase were added to this mixture. This mixture was incubated at 25 °C for 120 minutes, so that double- 

45 stranded DNA was synthesized. A portion of the double-stranded DNA was used to transform E. coli BM H 71 -1 8 
mutS cells. These transformed cells were transfected with helper phage M13K07 and then cultivated at37°C 
overnight with shaking at 230 rpm. This overnight culture was centrifuged at 12000 rpm and 4 °C for 5 minutes 
and the supernatant was obtained. A portion of this supernatant was added to an overnight culture of £ coli 
MV1 184 cells and spread on the surface of plates of LB agar containing 150 u.g/ml ampicillin. The plates were 

so incubated overnight at 37 °C. Single colonies of cells grown on the plates were used to inoculate 2YT broth 
containing 150 ug/ml ampicillin. Then 20 uJ of the helper phage M13K07 was. added to the culture and the mixt- 
ure was incubated at 37 °C for 30 minutes. Kanamycin was added to the culture to the final concentration of 
70 ug/ml. The culture was cultivated overnight at 37 °C with shaking at 230 rpm. The overnight culture was 
centrifuged at 12000 rpm and 4 °C for 10 minutes, and 1 ml of the supernatant was sampled. To this, 250 ul 

55 of 20% PEG 6000 in 2.5 M NaCI was added to the supernatant, which was left at room temperature for 30 
minutes and then centrifuged at 12000 rpm and 4 °C for 10 minutes. The precipitate obtained was dissolved 
in 100 ul of TE buffer, and single-stranded DNA was purified from this phage solution by phenol extraction and 
ethanol precipitation. The single-stranded DNAs obtained were analyzed by the dideoxy sequencing method. 



5 



EP 0 466 505 A2 



DNA the sequence of Which was changed at one region from that of sequence of SEQ ID No.8 to that of sequ- 
ence of SEQ ID No.9 was selected and double-stranded DMA was prepared. The DNA was named pUCCTI . 

C1704-A1705 in the DNA sequence coding for CH3 region, which has sequence of SEQ ID No.5, was selec- 
ted as the position for a sequence coding for the cell-adhesive activity to be added. DNA coding for the R-S 
sequence was introduced at this position by the insertion of the DNA sequence coding for amino acid sequence 
of SEQ ID No.1 0. The DNA fragment for use in mutagenesis with sequence of SEQ ID No.1 1 was synthesized 
- with a DNA synthesizer, deblocked; and purified by polyacrylamide gel electrophoresis. With use of the DNA 
fragment for mutagenesis and the dU-ssDNA pUOCH3 described above, a plasmid carrying a DNA changed 
atone region to the sequence of SEQ ID No.13 was selected and double-stranded DNA was obtained. The 
DNA was named pUCCT2. 

(2) Preparation of poly(A) fragments 



The poly {'*.) i 'a. r,n s.gr- 1 seq-wrcM related to trar.srrlf.ton i= hr^C dowuream of the gene coding 

•5 ' for the CH3 domain of the human IgG heavy chain;. For preparation of fragments containing a downstream por- 
tion of the fi grn&.iL appro, in dtely 0 3 kbp lono described ab vc and tins pol'y(A; sig la! f*3 DNAsequenc «=s, 
SEO ,D No 1 ^ dio i were syn.ha^c. sna .hasph^lat.d by the netbods ae< c abed ab< .ve The r^*nvr«,p 
chain reaction' (PGR; Saiki et al. , Science, 230:1 350-1 353, 1 985) was performed, with these synthetic oligonuc- 
leotides , the pnniPfs. and AithpS '2-HGinp, a 0 the lempla c DNa( a qmm tapproxir ately" i ?0 bp lang was 

n amplified In this way With us of 2 units cf T->o D^A pdyrremsp in !00 p* ot a r<v*M n ■ rrer cotm ir.y 5-" 1 
rnM KCi. If mM Tris MCI, pH S.3 r 15rnM MgGI 2 and 0,0" % yeiatin, Duth.g rcR. the reictk n mixture was incu- 
bated at "hrea temperatures in each cycle gt 94 °C tor 2 min-tes for -rr plrfiratioh anci oenaJjrctiur, at 37 C 

■ •'• for 3 ninu-.es for annealing, and at 72 "C for 4 minutes for extension; After 25 cycles of PGR, the amplified 
DNA fragment was purified by phenol, extraction and ethanol precipitation and dissolved in 50 M-l of TE buffer. 

25 The amplified DNA was named POLAPCR. 

(3) Subcloning of DNA fragment containing the genes coding for the constant region of the IgG tieavy chain 

First 57.5 ug Of pSV2-HG1gpf was digested with 30 units of EcoRI and 30 units of BamHI in 105 jil of a 
30 reaction mixture containing buffer H for use in restriction enzyme reactions at 37 °Cfor2 hours. After digestion, 
the reaction mixture was treated by 0.5% agarose gel electrophoresis, A DNA fragment approximately 8.5 kbp 
long was obtained by electrocution. The DNA fragment eluted was purified by phenol extraction and ethanol 
precipitation and dissolved in 50 ul of TE buffer. A portion of the purified DNA fragment and 0.2 ug of pUC118 
digested by EcoRI and BamHI and dephosphorylated with £. coll alkaline phosphatase were incubated with 
'On units of T4 DN.~ hja-.e n 20 ul of a reacho i muiure containing ligation utifrer at 37 "0 for 1 hour After th--> 
reactors a poriicr, of this reicinn muturewa* us*d to transform B ro// DH5 cells Themnsfcrmed cells were 
• spread over the surface of plates of LB agar containing 50 ul/ml ampicillin and incubated overnight at 37 °C 
Single colonies of cells grown on the plates were inoculated into 2 "ml of LB broth containing 50 w / ( nl ampkillin_ 
- and cultivated overnight at 37 "C with shaking at 230 rpm. From these cultured cells, plasmlds were extracted, 
¥, . .Samples of the plasmids. were digested with 12 units pf_EcoRI,. 12"_units of BamHI, and .0,5 ug of RNase A in 
10 yi of a reaction mixture containing buffer-H-for use in. restriction enzyme reactions at 37 "C for 2 hours. The 
reaction mixture wa«= treated by 1% agarose gel electrophoresis,. The plasmid carrying tire DNA fiagmeni -: 
approximately 8 5 khplong was selected and named pUC HS-HGl The structure dRd return map of 'his 
plasmid are shown in Figured In this and other-figures, ER indicates EcoRI, E indicates EcoT22l, and B indi- 
45 cates BamtiU ...... ■-■ 

(4) Construction of rhutagenteed pSV2-HG1 gpt 

(!) First, 17.4 ug of pUCCTI was partially digested with 7.5 units of Smal in 60.75 ul of a reaction mixture 
so containing buffer T for use in restriction enzyme reaction. The reaction was started by addition of the enzyme, 
and 1 0-ul portions were sampled at 30, 60, 90, 21 0, and 270 seconds. The reaction was stopped by the mixture 
of each portion with phenol saturated with TE buffer. The DNA was obtained by ethanoi precipitation and dis- 
solved in 50 ul of TE buffer. The DNA fragments were dephosphorylated with 1.2 units of E. colt alkaline phos- 
phatase at 65 °C for 1 hour* obtained by phenol extraction and ethanol precipitation, and dissolved in 50 ul of 
55 TE buffer. Then 1 0 ul of the DNA solution and 10 ul of POLAPCR were mixed with and allowed to react with 
300 units of T4 DNA ligase in a reaction mixture containing ligation buffer at 37 °C for 1 hour. The digest of 
pUCCTI partially digested with Smal was ligated with POLAPCR. A portion of the reaction mixture was used 
to transform £ coii MV1184 cells. The transformed cells were spread over the surface of plates of LB ai 
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taining 50 ul/ml ampicillin and incubated overnight at 37 °C. Single colonies of cells grown on the plates were 
inoculated into 2 ml of LB broth containing 50 ug/ml ampicillin and were cultivated overnight at 37 °C with shak- 
ing at 230 rpm. Plasmids were extracted from these cultured cells and dissolved in 50 u! of TE buffer. A portion 
of the plasmids obtained was digested with 1 0 units of BamHl and 0.5 ug of RNase A in 15 ul of a reaction 
mixture containing buffer H for restriction enzyme reactions at 37 °C for 2 hours. The reaction mixtures were 
treated by 2% agarose gel electrophoresis, and the plasmid carrying a DNA fragment approximately 450 bp 
long was selected and named pUCCTI POLAPCR. The structure and restriction map of the plasmid are shown 

in Figure 5. In this and other figures, Y indicates a site at which DNA coding for the amino acid sequence 
6 is inserted, and S indicates Sma\. 

Next, 20 |il of the plasmid pUCCTI -POLAPCR was allowed to react with 12 units of £coT22l ,12 units of 
BamHl, and 0.25 ug. of RNase A in 30 ul of a reaction mixture containing buffer H for restriction enzyme reactions 
at 37 °C for 2 hours. The reaction mixture was treated by 2% agarose gel electrophoresis. The DNA fragment 
approximately 220 bp long was obtained from the gel with use of DEAE-cellulose paper and a DNA solution 
was obtained from the paper. The DNA fragment was purified from the DNA solution by phenol extraction and 
ethanol precipitation, and dissolved in 50 ul of TE buffer for use in ligation reactions as follows. First 25 ul of 
pUC1 18-HG1 was digested with 12 units of EcoRI, 12 units of EcoT22l, and 0.25 ug of RNase A in 30 ul of a 
reaction mixture containing buffer H for restriction enzyme reactions at 37 "C for 2 hours. The reaction mixture 
was treated by 1 % agarose gel electrophoresis. The DNA fragment approximately 1 750 bp long was obtained 
from the gel with for use of DEAE-cellulose paper and a DNA solution was obtained from the paper. The DNA 
fragment was purified from the DNA solution by phenol extraction and ethanol precipitation, and dissolved in 
50 ul of TE buffer. 

Next, 1 1.5 ug of the pSV2-HG1gpt described above was digested with 12 units of EcoRI and 12 units of 
BamHl in 30 ul of a reaction mixture containing buffer H for restriction enzyme reactions at 37 °C for 2 hours. 
The reaction mixture was treated by 1 % agarose gel electrophoresis. The DNA fragment approximately 4.6 kbp 
long was obtained from the gel with use of DEAE-cellulose paper, and a DNA solution was obtained from the 
paper. The DNA fragment was purified from the DNA solution by phenol extraction and ethanol precipitation 
and dissolved In 50 ul of TE buffer. Then 4 pi of the DNA fragment approximately 220 bp long prepared from 
pUCCTI -POLAPCR, 5 ul of the DNA fragment approximately 1750 bp long from pUC118-HG1, and 5^1 of the 
DNA fragment approximately 4.6 kbp long from pSV2-HG1 gpt were allowed to react with 300 units of T4 DNA 
ligase In 20 ul of ligation buffer at 37 °C for 1 hour. A portion of the reaction mixture was used to transform E. 
co// HB101 cells. These transformed cells were spread over the surface of plates of LB agar containing 150 
ug/ml ampicillin and Incubated at 37 °C overnight Single colonies of cells grown on the plates were inoculated 
into 2 ml of LB broth containing 150 ug/ml ampicillin and cultivated overnight at 37 °C with shaking at 230 rpm. 
Plasmids were extracted from these cultured cells and dissolved in 50 ul of TE buffer. Next, 3 pi of these plas- 
mids were digested with 6 units of EcoRI, 6 units of EcoT22l, and 0.25 ug of RNase A in 10 ul of a reaction 
mixture containing buffer H for restriction enzyme reactions at 37 °C for 1 hour. The reaction mixtures were 
treated by 2% agarose gel electrophoresis and plasmids carrying a DNA fragment approximately 1.75 kbp long 
were selected. The PCR was performed with these plasmids as template DNA and with the primers used to 
prepare poly(A) fragment. A plasmid with which DNA fragment approximately 130 bp long was amplified was 
selected and named pSV2-HG1-gpt-CT1. The structure and restriction map of this plasmid are shown in Figure 
6. 

(ii) Next 23.2 ug of pUCCT2 was digested with 20 units of Smal in 302 ul of a reaction mixture containing 
buffer T for restriction enzyme reactions at 37 °C for 1 2 hours. The reaction mixture was treated by 8% polyac- 
rylamidegel electrophoresis and a DNA fragment approximately 0,3kbp long was purified. A portion of the DNA 
fragment and 1.5 ug of pUC19 digested with Smal and dephosphorylated with £. co//alkaline phosphatase were 
allowed to react with 300 units of T4 DNA ligase in 60 ul of a reaction mixture containing ligation buffer at 37 
°C 1 hr. A portion of the reaction mixture was used to transform E. coli HB1 01 cells. These transformed cells 
were spread over the surface of plates of LB agar plates containing 50 pg/ml ampicillin and incubated overnight 
at 37 6 C. Single colonies of cells grown on the plates were inoculated into 2 ml of LB broth containing 50 ug/ml 
ampicillin and cultivated overnight at 37 °C with shaking at 230 rpm. Plasmids were extracted from these cul- 
tured cells and dissolved in 50 ul of TE buffer. A portion of these plasmids was digested with 10 units of Smal 
and 0.5 ug of RNase A in 15 pi of reaction mixtures containing buffer T for restriction enzyme reaction at 37 
°C for 2 hours. The reaction mixtures were treated by 1% agarose gel electrophoresis and plasmids carrying 
a fragment approximately 0.3 kbp long were selected. A portion of these plasmids was digested with 6 units 
of EcoRI, 6 units of EcoT22l, and 0.5 ug of RNase A in 1 5 ul of a reaction mixture containing buffer H for res- 
triction enzyme reactions at 37 °C for 2 hours. These reaction mixtures were treated by 6% polyacrylamide gel 
electrophoresis and the plasmid carrying a DNA fragment approximately 0.25 kbp long was selected. The plas- 
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mid was named pUCCT2. The structure and restriction map of the plasmid are shown in Figure 1. In this and 
other f igures.V indicates the site at which DNA coding for the amino acid sequence of SEQ I D No. 1 0 was inser- 
ted. 

First, 20 u.g of pUC1 9-CT2 was allowed to react with 1 u.g of RNase A in 52 p.l of a reaction mixture containing 
s buffer T for restriction enzyme reaction at 37 °C for 1 hour. Then, 7.5 units of Sma\ was added to the reaction 
mixture and the DNA was partially d igested with the enzyme. The reaction was started by addition of the enzyme 
-■- arid 1p-uJ portions were sampled at 30, 60, 90, 150, and 210 seconds. The reaction was stopped by the mixture 
. of.eaoh portion with phenol saturated with TE buffer. DNA was obtained by .ethanol precipitation a fid dissolved 
in 50 ul of TE buffer. Then 2 ul of E. coli alkaline phosphatase was added to the DNA solution and incubated 
m . at 65 °C for 1 hour. The reaction mixture was treated by 1 % agarose gel electrophoresis and a DNA fragment 
approximately 2 kbp long was obtained by electrocution. The eluted DNA fragment was purified with phenol 
extraction and ethanol precipitation. The DNAfragmeht purified was disaoived in SO pi of T| buffer. Then 7 ul 
or lib DNA soiu ,on and 8 u' of D OLAPCR were Ilowea to react wifcji 450 units oil DNA ligase ,n 6C ^ of a 
reaetiq i nn/tuie contain*-^ ligation buffer it 37 °C fe f i hour Th raaJu i mixture wa - wed to tw isf rm £ 
*s co// H3 i 01 cells The jc>fi -tonrud Cfe'ls were spre d j ertiv strtaca of p ah c of LE -garcontaini g 50 ng/m! 
>mp^i r S|n>cokjnie*tf c*isgio*TQn.he|-l?t wer^ iri05,uia>4 int 2 nl of LB hrniri con" iminj 5 1 ug/mi . 
arnpif iliir and cultivated o emmir at 37 0 with srak'ng at 230 rpr , Plasma wpre exacted Vom these cul- 
tured cells and dissolved In 3 id of TF buffer Neu i 6 pi of th» plas m ds v»a>- dy«^« J vlrh R i iKpf&rRi 
6unlt«ofbamH! andf),25 ^.g of RNusp A m 15 ul of a reac'on mixture opining buffet Hforwtn^ion Smyrna 
9 rea-boi s at 3 C for 1 her The re vtion m <tu wet" treated by 3 C ' pi iy d e, s I amide gtl lestrjphn.esi'; 
and p asrnids carrying a DNAfi *grnent approving ly C 4=^ bp lonav^e.e^l&cred Tvn, 11 r n i rf uuse p>c-s- 
mids was digested with 6 units o* Be rtHI -nJ Q n; of PN«ct & in r (1 I f c reaction mixture ccraimrj H 
buffer M for restriction enzyme reactions at 3 7 Cfor i hour. These reactio m xtures were treated by 8% polyac- " 
rylamide gel electrophoresis and a plasmid carrying only a DNA fragment approximately 3.1 kbp wasselected. 
i>5 The plasmid was named pUC19-CT2POLAPCR. The structure and restriction map of this plasmid is shown in 
Figure 8. 

• Next, 207 jig ofpSV2-HG1gpt was digested with 30 units of Smalip 103 ul of a reaction mixture containing 
. byfffsr T.fgr restriction enzyme reaction at 37 °C for 1 hour. The plasmid after the digestion was further digested 
with 36 units of BamHI In 206 ul of a reaction mixture containing buffer H for restriction enzyme reaction at 37 
30 °C for 1 hour, The reaction mixture was treated by 8% agarose gel electrophoresis and a DNA fragment 
approximately 6.1 kbp long (fragment 1) was purified with use of DEAE-cellulose paper. 

Next, 45 pJ of pUG1 9=CT2 was digested with 20 units of Sma\ in 52 jil of a reaction mixture containing buffer 
T for restriction enzyme reactions at 37 °C for 1 hour. Then, the reaction mixture was further treated with 24 
units of EcoT22l and 0.5 ul of RNase A lp 1 03 ul of a reaction mixture containing buffer H for restriction enzyme 
35 reaction at 3?" °C for 1 hour The reaction mixture was treated by 2% nyrrose gel electrophoresis and a DNA 
- fragrpem approxn<3tf>ly 0.2 kbp lea (fraoment 2i was purified 

Next, 11.5 ,:l of pUC19-CT2,POLApCR was digested with 24 units of BamHI, 24 units of EcoT22l, and 0.5 

. ■ ., :ig or RNase A iri 50 ul of a reaction mixture "containing buffer H for restriction enzyme reactions at 37.°C for 1. 

. . - - -hour This reaction mixturewas treated by 2% agarose gekelectrophoresl£afida _ DNA fragment approximately ' 
« C.2 1 kbp long (fragment 3) was purified . -- 

These fragments 1, 2, and 3 were allowed-to react with 300 unlts-of-T4 DNA ligase in 21 ;i! of a reaction 

, . mixt-jre containing ligaJon fcuffsr at 37 lor 1 hour A portipiroflhe-ta*tlon mixture was used to transform - 

E coli HS 1U1 ^l - -ne wa.a 'u»fJ cdls v«.,tc • ^.k' over the H.nacs o platen of I = dgar cciunnng :0 
pg/mi ampiciilin. Single colomes of cells grov.n on the plates were inoculated Into 2 mi cf LB broth containina 
45 50 lag'mi umpicllir aui ci iti/a^d overr.ight ,t 3/ "C w&b &he!> ng ct lo0 rpm Plasn.ids werr «xtractfO tr« in 
the cultured beiis and dissolved in 50 ul of TE suffer. Samples of these plasmlds were digested with 6 units of 
EcoRI, 6 units of BamHI, and 0.5 ug of RNase A in 15 uJ of a reaction mixture containing buffer H for restriction 
enzyme reactions at 37 °C for 90 minutes. The reaction mixture was treated by 0.8% agarose gel 
electrophoresis and a plasmid carrying DNA fragments approximately 4.6 kbp long and approximately 2.0 kbp 
so long was selected. The piasmid was named pSV2-HG1-gpt-CT2. The structure and restriction map of the plas- 
mid are shown in Figure 9. This plasmid was used to transform E coll HB101 cells. The transformed cells were 
named Escherichia coli HB101/CT2 and deposited at the Fermentation Research Institute of the Agency of 
Industrial Science and Technology, Japan, as FERM BP-3399, 

By insertion of DNA fragment coding the variable region of IgG heavy chain into the plasmid pSV2 HG1gpt-CT2 
55 prepared from Escherichia coli HB1 01/GT2 , mutagenized igG heavy chains could be produced. 
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(5) Construction of mutagenlzed IgG expression vector 

First, 15 ug of pSV2HG1Vpc, which carries a DNA fragment coding for the variable region of mouse IgG 
heavy chain of anti phosphorylcholine antibody and the constant region of human IgG heavy chain (gamma 
1), was digested with 36 units of EcoRI in 1 00 yi of a reaction mixture containing buffer H for restriction enzyme 
reactions at 37 °C for 2 hours. This reaction mixture was treated by 1% agarose gel electrophoresis and a DNA 
fragment approximately 7.6 kbp long containing the region coding for the variable region of mouse IgG heavy 
chain of anti-phosphorylcholine antibody was obtained by use of DEAE-cellulose paper. The DNA obtained was 
purified by phenol extraction and ethanol precipitation, and dissolved in 50 ul of TE buffer. Next, 1 3.5 u.g of the 
pSV2HG1gptCT1 described above was digested with 36 units of EcoRI in 53 ul of a reaction mixture con- 
taining buffer H for restriction enzyme reactions at 37 °C for 2 hours. Then, 1.2 units of E. coli alkaline phos- 
phatase was added to the reaction mixture and the mixture was incubated at 65 °C for 1 hour. A DNA fragment 
was obtained from the reaction mixture with phenol exiraction and ethanol precipitation and dissolved in 50 ul 
of TE buffer. 

Next, 5 ul of the DNA fragment approximately 7.6 kbp long prepared from pSV2HG1Vpc and 3 ul of 
pSV2HG1gpt-CT1 digested with EcoRI and dephosphorylatBd were mixted with 300 units of T4 DNA ligase 
in 20 u.l of a reaction mixture containing ligation buffer and allowed to react at 37 °C for 1 hour. A portion of the 
reaction mixture was used to transform E. coli HB101 cells. The transformed cells were spread over the surface 
of plates of LB agar containing 50 ug/ml ampicillin and incubated overnight at 37 "C. Single colonies of cells 
grown on the plates were inoculated Into 2 ml of LB broth containing 50 ug/ml ampicillin and cultivated overnight 
at 37 °C with shaking at 230 rpm. Plasmids were extracted from the! cultured cells and the plasmids were dis- 
solved in 50 ul of TE buffer. Samples of the plasmids were digested Mh 6 units of EcoRI and 0.25 ug of RNase 
A in 10 ul of a reaction mixture containing buffer H for restriction ertzyme reactions at 37 °C for 2 hours. The 
reaction mixtures were treated by 1% agarose gel electrophoresis, and plasmids carrying DNA fragments 
approximately 7.6 kbp long and approximately 6.6 kbp long were selected. A portion of the plasmids was diges- 
ted with 12 units of S/ul and 0.25 ug of RNase A in 10 ul of a reaction mixture containing buffer H for restriction 
enzyme reactions at 37 °C for 2 hours. The reaction mixtures were treated by 1 % agarose gel electrophoresis, 
and a plasmid carrying DNA fragments approximately 6.3 kbp long, approximately 5.4 kbp long, and approxim- 
ately 2.5 kbp long was selected. The plasmid was named pSV2HG1-Vpc-CT1. The structure and. restriction 
map of the plasmid are shown in Figure 10. 

Next, by the method described above an another plasmid carrying the region coding for the variable region 
of the IgG heavy chain and also the region codingforthe constant region of the IgG heavy chain, which constant 
region contained an introduced R-S sequence, was constructed by insertion of a DNA fragment prepared from 
a digest of pSV2HG1Vpc with EcoRI into the digest of pSV2 HG1-gpt-CT2 with EcoRI. The plasmid that was 
constructed was named pSV2-HG1 -Vpc CT2. The structure and restriction map of this plasmid are shown in 
Figure 11. 

Example 2 

Production and purification of IgG containing the introduced R-S sequence. 

(1) Transfection of mouse myeloma cell SP2/0 

Mouse myeloma SP2/0 cells were grown in RPM 1 1 640 medium supplemented with 1 0% fetal calf serum, 
50 units/ml penicillin, and 50 ug/mi streptomycin (basal medium). The cells were harvested from 100 ml 
of the culture withcentrifugation for 10 minutes at 10 00 rpm and 4 °C. The harvested cells were suspended 
in 10ml of ice-cold phosphate-buffered sal!ne(PBS; 8 g/l NaCI, 0.2 g/l KCI, and 1.15 g/l Na 2 HP0 4 )and cen- 
trifuged for 10 minutes at 1000 rpm and 4 °C. A pellet of cells was resuspended in 10 ml of ice-cold PBS 
and cenlrifuged for 1 0 minutes at 1 000 rpm and 4 °C. The collected cells were suspended in 1 ml of Ice-cold 
plasmid solution containing 50 ug of pSV2-HG1Vpc-CT1 and 50 ug of pSV2C k Vpc. The cell suspension 
was transferred in a cuvette for electroporatlon and incubated on ice for 10 minutes. The cuvette containing 
cells and DNAs was pulsed three times at 4500 V/cm for 50 usee and then returned to the ice and incubated 
for an additional 1 0 minutes each time. The suspe nsion was added to 20 ml of basal medium and incubated 
at 37 °C under 5% C0 2 in a C0 2 incubator for 3 days. Then the cultured cells were suspended in 1 0 ml of 
selection medium that contained 250 jig/ml xanthine and 10 ug/ml mycophenollc acid and placed into a 
96-well culture dish at the volume of 1 00 ul/well. In a control experiment mouse myeloma SP2/0 cells were 
transfected with the pSV2HG1Vpc and pSV2C k Vpc described above. 

(2) Selection of a positive clone. 

A monoclonal antibody to mouse Fab fragment was adjusted to the concentration of10 ug/ml with PBS, 
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and 50 ul of the solution was added into each well of a 96-we|l titer plate and incubated atroom temperature 
for 2 hours, after which the solution was removed from the wells. Next, 400 u,l of 1 % bovine serum albumin 
was added to each well and the plates were Incubated at room temperature for i hour. Then, the wells 
were washed with PBS containing 0.05% Tween 20, and 50 ul of the culture supernatant was added to the 
wells and incubated at room temperature for 1 hour. After the incubation, the wells was washed with PBS 
containing 0.05% Tween 20. Then 50 ul of antibody to human IgG Fc fragment conjugated with horseradish 
- peroxidase (POD) was added to each We.i, and the plata was incubated at room temperature for 1 hour. 
After the Incubation, the wells were washed with PBS containing 0.05% Tween 20. Next, SO.pl.'bfperdxide- 
o-phenyienediamine solution was added to each well and the plate was incubated at room temperature for 
20 minutes, after which 50 jil of 1 M HiS0 4 was added tcieach well. The absprbance of the reaction mixtures 
was measured at 492 rim and positive clones were selected, The clone that produced the most amount of 
: IgG was selected, named Myeloma SP2-PCCT1, and deposited at the Fermentation Research Institute of 
the Age.i3/ of IrvJu'-rial Science ana Techno.ogv. Japan, as PER',' P-1 1 547 

(3; E, p-ccpdu es describe in sample 2-(1), (2) house myeloma SPZ'O c<4h wer fc transformed with 
pSV2 H 31 Vpc CT2 anJ ?bv>2C (,/pc The clone ihjt proaucea tn» rr ost amount o f IgG whs selected and 
named Myeloma SP2-PCGT2 and deposited at the Fermentation Research Institu's of me Agency of 
l.sdustr al $ ;ierii p arc Technak.;>, Jdoan, as Fbf M BP i }9i„ 
(4) Purtvatio of IgG 

M,* .maS^-PCri <FFRM<M1<*F and Myeio.r SP2-PCCT? (FFRM BP-3390) were separate y cul- 
-ured i election medium that is RPMl 1b*n prod umsupritefrcmed v>» ir, 13'{ MA calf -.en in 5C tmits/ml per i- 
-ciliin, 50 ug/ml streptamyc-'n, 260 ng-xanlhine, and la^g/m! nycophenoifc aM, From wtrh culture, 500 ml <J 
eaon supernatant was obtained. From the supernatant, IgGs were punned with Inrmino Pwe IgG Purification 
Mt' D ^ice F^Ko.d.lL; ara U0 of hG waa obt m-d IgG pu.ifedfrrm he surTU^riiof M, lomaSP2- 
PCCT1 was named CT1, that from Myeloma SP2-PCCT2 was named CT2. From the culture of control 
ce!Is,100(ig of control IgG was purified. 

Example 3 

Assay of cell adhesion - 

CT1 and CT2 which were human-mouse chimera IgG containing an introduced R-S sequence, control IgG 
and.human plasma fibronectin were assayed for cell adhesive activity toward fibroblast cells of baby hamster 
kidney (BHK) . The sample to be tested was dissolved in PBS. Then 50 pi of sample was added in each well 
of a 96-well microliter plate, which was incubated at 4 "& overnight to allow the sample to adsorb to the wells, 
"he wells were washed with PBS Next/I Ou ul of 1 % bovine serum alt umin (8SA) was added tc each well and 
•he piste was incubalnd « room tt mperati re tor 3 to t hou s. That,, me plat* was washed v.ith PES and used 
in the assay of cell adhesion. 

BHK i rown ln Du o's modified Eacie (DME) medium supplemented with -( fe If serum 
r nits/nil pei hd 5 j/rhl-st jp't n y in vk< detached by incub , < i C r . <y i i F2 ci t 

taining 0 25% tryps in ind r « 02% EDTA. The ;e detachedcells »vere suspended , T ice-cold DME/HEEE'S buf- 
fered saline (1:1) and collected by centrifugation at 800 rprn-for.4 mfnutes. Th&collected cells' were suspended 
. e jldDME/HEPES.sa e containing 0.1% soybean trypsin inhib r Jn d c n , e < , 3u P mfor4 
minutes,The collected cells were suspended in ice-cold DME/HEPES buffered saline and centrifuged at 800 
!T,m for 4 mi iites. The effected ceils were suspended in ice cold DME medium not supple nented with fetal 
< alf serum and trie cell co centration was adjusted 'o^ in' 1 x 10 'mi. Then 50 jjj ot cell fa uso- hsion was 
..added to each welj coated with sample, The ce!ls were incubated at 3/ -C for 1 hour in a CO, incubator and 
: then non-attached cells were removed by washing of the plate. Attached cells were fixed on the plate with 4% 
formaldehyde and observed under a microscope. IgGs containing the introduced R-S sequence was capable 
of mediating cell adhesion and IgG not containing the R-S sequence was inactive. 

Example 4 

Assay of binding activity to antigen. 

(1) Preparation of antigen. 

To assay the antigen binding activity of mutagenized IgGs, phosphorylcholine bound to keyhole limpet 
hemocyanin (PC-KLH) was prepared. To do this 30 mg of /naminophenylphosphorylcholine was dissolved in 
10 
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1.5 ml of 0.2 N HCI, and 0.2 M sodium nitrite was added dropwise into the solution for 1 hour until there was 
an excess. In this example, approximately 500 ul of 0.2 M sodium nitrite was added, and the amount was con- 
firmed to be an excess amount by the use of potassium iodide starch paper. Then 1 .26 ml of the solution was 
dropped into 5 ml of KLH solution (11.2mg of KLH in 70 mM sodium borate, pH 9.0, and 80 mM NaCI) over 10 
5 min at room temperature. The mixture was incubated at 4 °C for 1 7 hr with genHy stirring. After incubation, by 
dialysis of the mixture against PBS, PC-KLH solution was obtained. 

(2) Assay for antigen binding 

10 PC-KLH was used to coat the wells of a 96-wel! microliter plate by addition of 50 ml of PC-KLH solution 
(100 ug/ml) to each well and the plate incubated at room temperature for 1 hour. After incubation, the plate 
was washed with PBS containing 0.1 % Tween 20 to remove non-absorbed PC-KLH. After the washing, to block 
the surface of well, 1 00 jJ of PBS containing 1 % BSA was added to each well and the plate was incubated at 
room temperature for 1 hour. After the incubation, the plate was washed with PBS containing 0.1% Tween 20, 

15 and 50 ul of a mutagenized IgG (CT1 or CT2) or of control IgG was added to each well and the plate was incu- 
bated at room temperature for 1 hour. After incubation, the plate was washed with PBS containing 0.1% Tween 
20. Next, 50 ul of antibody to human IgG Fc fragment conjugated with POD conjugate was added to each well 
and the plate was incubated at room temperature for 1 hour. After incubation, the plate was washed with PBS 
containing 0.1 % Tween 20. Then 50 ul of H 2 0 2 - o-phenylenediamine solution was added to each well and the 

20 plate was incubated at room temperature for 20 min. Next, 100 ul of 1 M H^0 4 was added to each well. The 
absorbance of the reaction mixture at 492 nm to find the binding activity of these IgGs to PC-KLH . These results 
suggested that the mutagenized IgGs CT1 and CT2 had binding activity to antigen that was as strong as that 
of control IgG. Results of Examples 3 and 4 are shown in Table 1. 

25 

Table X 



cell-adhesive antigen -binding 
sample •• activity activity 



FN +++ 

IgG containing introduced t CT1 + + 

r-s sequence *■ CT2 ++ + 

Control IgG - + 



As explained above, according to this invention, It is possible to provide antibodies that have strengthened 
45 affinity for cells by the artificial introduction of cell-adhesive activity. These multifunctional antibodies can accel- 
erate the phagocytosis of macrophages and activate other effector cells. So, these multifunctional antibodies 
are of use in the self-defence mechanism of organisms that involves antibodies and effector cells. In addition, 
the movement of the antibodies to the tissue is Increased, so the effects of the antibodies are increased in the 
tissues, as well. 
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Sequence Listing 

SEQ ifl NO : I ... 
SEQENCE LENGTH : 4 ' 
5EQENCB IYeE ;«»lh» -fl<3ld 
STiANDEOWESS : single 

TOPOLOGY : linear 

MOLECULE TYPE : peptide . 

SEQUENCE .pESCfl I PTfOW :, 

Arg G! / Asp Ser 



SEQ ID NO : 2 
SEQUENCE LENGTH : 6 . . 
SEQUENCE TYPE : enlno sold 

Handedness -..single 

TOPOLOGY: linear ' 
HOLgCULE TYPE:. peptide 
SEQUENCE DESCRIPTION: 
Tyr lie Gly Ser Arg 
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SEQ ID HO : 3 
SEQUENCE LEHCTH : 5 
SEQUENCE TYPE : aalno aci 
STRANDEDNESS : a initio 
TOPOLOGY: linear 
MOLECULE TYPE: peptide 
SEQUENCE DESCRIPTION: 
Glu He Leu Asp Val 
I 5 
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SEQ ID NO : 4 
SEQUENCE LENGTH: 1980 
. SEQUENCE TYPE: nucleic. ao Id 
STRANDEBNESS ! double 
TOPOLOGY: linear 
MOLECULE TYPE! Genoa Ic DBA 

feature: 

1-208 E Intron 1 
. 209-602 ... E MS,. 
603-890 E iniron % 
891-935 £ CDS 

.936-1053 E Intr-on- 3 

1054-1383 E COS 
1384-1479 E Intron 4 
1480-182! E CDS 
1923-1929 E poly A signal 
SEQUENCE DESCRIPTION: 
acctttctcg ggca ggccag gcctgacctt GGCTTTGGGG CAGGGACGGG CCTAAGGTGA 60 
GGCAGGTGGC GCCAGCAGGT GCACACCCAA TGCCCATCAG CCCAGACACT GGACGCTGAA 120 
CCTCGCGGAC AGTTAAGAAC CCAGGGGCCT CTGCGCCTGG GCCCAGCTCT GTCCCACACC 180 
GCGGTCACAT GGCACCACCT CTCTTGCA CCC TCC ACC AAG GGC CCA TCG GTS 232 
Ala Ser Thr Lya Giy Pro Ser Val 

TTC CCC CTC OCA CCC JCC TCC AAG AGC ACC TC T G^ GGC ACA-uCG ■ ■■ . 277 
Phe Pro Leu Ala Pro Ser Ser Lya. Ser.Thr S.sr Gly Gly.Thr.AIa. - 

10 ft ' 20 

GCC CTG GGC TGC GTO GTC AAG GAG TAP TTC CCC GAA pqq GTG ACG m 
Ala Leti Gly Cys Leu Val Lya Asp Tyr Phe Pro Glu Pro Val Thr 

25 30 35 
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GTG TCG TGG AAC TCA GGC GCC CTG ACC AGC GGC GTG CAC ACC TTC ' 367 
Val Ser Trp Asn Ser Gly Ala Leu Tltr Ser Gly Val ills Thr Phe 

40 46 60 

CCG. OCT GTC CTA CAG TCC TCA GGA CTC TAG TCC CTC AGC AGC GTG 4!2 
Pro Ala Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val 

66 60 65 

GTG ACC GTG CCC TCC AGC AGC TTG GGC ACC CAG ACC TAC ATC TCC 467 
Val Thr Val fro Ser Ser Ser Leu Gly Thr Gin Thr Tyr He Cys 

70 76 60 

AAC GTG A AT CAC AAG CCC ACC AAC ACC AAC GTG GAC AAG AAA GTT 602 
Asn Yal Asn Ills Lys Pro Ser Asn Thr Lys Val Asp Lys Lys Val 

85 90 95 

GG7GAGAGGC CUGCACAGGG AGGGAGGGTG TCTGCTCCAA GCAGGCTCAC CGCTCCTGCC 662 
TGGACGCATC CCGGCTATGC AGCCCCAGTC CAGGGCAGCA AGGCAGGCCC CGTCTGCCTC 622 
TTCACCCGGA GOCTCTGCCC GCCCCACTCA TGCTCAGGGA GAGGGTCTTC TGGCTTTTTC 682 
CCAGGCTCTG GGCAGGCACA GGCTAGGTGC CCC7AACCCA GCCCCTGCAC ACAAAGGGGC 742 
AGGTGCTGGG CTCAGACCTG CCAAGACCCA TATCCGGGAG GACCCTGCCC CTGACCTAAG 802 
CCCACCCCAA AGGCCAAACT CTCCACTCCC TCACCTCGGA CACCTTCTCT CCTCCCAGAT 882 
TCCAGTAACT CCCAATCTTC TCTCTGCA GAG CCC AAA TCT TGT GAC AAA ACT 914 
Glu Pro Lys Ser Cys Asp Lys Thr 
I 6 

CAC ACA TGC CCA CCG TGC CCA GGTAAGCCAG CCCAGGCCTC GCCCTCCAGC 966 
Ills Thr Cys Pro Pro Cys Pro 
10 16 
TCAAGGCGGG ACAGGTCCCC TAGAGTAGCC TGCATCCAGG GACAGCCCCC AGCCGGGTGC 1025 
TGACACGTCC ACCTCCATCT CTTCCTCA GCA CCT GAA CTC CTG CGG GGA CCG 1077 
Ala Pro Glu Leu Leu Gly Gly Pro 
1 5 
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TCA GTC TTC CTC TTC CCC CCA AAA CCC AAG GAC ACC CTC ATG ATC 1122 
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met lie 

.10. , ...... :2fl..:. ..... . 

TCC GGG ACC CCT GAG GTC ACA TGC GTG GTG GTG GAC GTG AGC CAC 1167 
Ser Ars Thr Pro Glu Val Thr Cya Val Val Val Asp Val Ser His 

26 30 36 

GAA GAC CCT GAG GTC AAG TTC AAC TGG TAC GTG GAS GGC GTG GAG 1212 
Glu Asp Pro Glu Val Lys Phe Asa Trp Tyr Val Asp Gly Val Glu 

tQ _ 45 BO 

GTG CAT .AAT GCG AAG AG A AAG GCG GGG GAG GAG CAC TAG AAC AGC 1257 
Val Ills Aan Ala Lys Thr Lys Pro Arg Glu Glu Gin Tyr Asn Ser 

55 : ~60 85 

AGG TAC CGG GTG GTC AGC GTC CTC ACC GTC GTG CAC GAG GAC TGG ' 1302 
Thr Tyr Are Val Val Ser Val Leu Thr Val Leu His Gin Asp Trp 

70 75 80 

GTG AAT GGC AAG GAG TAC AAG TGC AAC GTC TCC AAC AAA CCC CTC 1347 
Leu Asn. Gly Lys Glu Tyr Lys Cys Lys Yai Ser Asn Lys Ala Leu 

85 90 85 

CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA GCTGCCACCC 1393 
Pro Ala Pro Me Glu lys Thr lie Ser Lys Ala Lys 
100 105 UO 

. ,.: GTGGGGTGCG AG3GCCACAT GGACAGAGGC C3GC7CGGCC CACCCTCTGC CCTGAGAGT3 U53 
ACCGCTGTAC CAACCTCTGT CCTACS GGG' CAG CCC GfiA GAA Cr,A CAG GTG TAC 1503 
Gly G!n Pro Arg G!u Pro Cl'n Val Tyr 



ACC CTG CCC CCA TCC CGG GAT GAG CTC ACC AAG AAC CAG GTC AGC 1651 
Thr Leu Pro Pro Ser Arg Asp GJu Leu Thr Lys Asn Gin Val Ser 
10 16 20 
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CTC ACC TGC CTG GTC AAA COC TTC TAT CCC ACC GAC ATC GCC GTG 1636 
Leu Thr Cys Leu Yal Lys Gly Phe Tyr Pro Ser Asp He Ale Yal 
25 SO 35 

, GAG TGG GAG AGC AAT GGG CAC CCG GAG AAC AAC TAC A AG ACC ACG 1641 
Glu Trp Glu Ser Asn Gly CIn Pro Glu Asn Asn Tyr Lys Thr Thr 
40 iS 50 

CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TTC CTC TAC AGC AAG 1686 
Pro Pro Ya) Leu Asp Set Asp Gly Ser Phe Phe Leu Tyr Ser Lys 

66 60 86 

CTC ACC GTG GAC AAG AGC ACC GGC CGG GGC GAC AGC CCT AGG TGG 1731 
Leu Thr Val Asp Lys Ser Thr Gly Ars Gly Asp Ser Pro Ar* Trp 
70 76 80 

CAG CAG GGG AAC GTC TTC TCA TCC TCC GTG ATG CAT GAG GCT CTG 1776 
Gin Gin Gly Asn Val Phe Ser Cys Ser Val Het Ills Glu Ala Leu 
86 SO 95 

CAC AAC CAC TAC ACG CAG AAG AGC CTC TCC CTG TCT CCG GGT AAA 1821 
Ills Asn Ills Tyr Thr Gin Lys Ser Leu Sar Leu Ser Pro Gly Lys 
100 105 UO 

TGAGTGCGAC GGCCGGCAAG CCCCGCTCCC CGGCCTCTCG CCGTCGCACC ACGATGCTTG 18B1 
GCACGTACCC CCTGTACATA CTTCCCGGGC GCCCAGCATG GAAATAAACC ACCCAGCGCT 1941 
GCCCTGCGCC CCTGCGAGAC TGTCATGGTT CTTTCCACG I960 
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SEQ ID NO : 5 
SEQUENCE LENGTH : 2009 
SEQUENCE TYPE : nucleic acid 
STBANDEDNESS : double 
TOPOLOGY : linear 
MOLECULE TYPE : Genomic DNA 

FEATURE : • . 
1-208 E Intron 1 

203-602 E CDS. . . • . • •, 

603-B90 E Intron 2 

891-935 E CDS ........ i ■_; 

986-1053 E Intron' 3 •- -" 7. 

1054-1383 E.GDS - ' ■ . ■ - r -\ 

1384-1479 E intron 4 
1480-1800 E CDS 
1902-1308 E poly A signal 
SEQUENCE DESCRIPTION ! 

AGCfTTCTtlG GGCAGCCCAG GCCTGACCTT GGCTTTGGGC CAGCGAGGGG GCTAAGGTGA 60 
GGCAGGTGGC GCCAGCAGGT GCACACCCAA TGCCCATGAG CCCAGACACT GGACGCTGAA 120 
CCTCGCGGAC AGTTAAGAAC CCAGGGGCCT CTGCGCCTCG GCCCACCTOT GTCCCACACC 180 
CCGGTCACAT GGCACCACCT CTCTTGCA GCC TCC ACC AAG GGC CCA TCG GTC 232 

....... ... ; - ., iMfci^^^^-S^ffe^^'jfe! -r.:^ •: : 

" . ; : " "' . " : :.. r '" "5 "... _ 

TTC CCC CTG GCA CDC TCC TCC AAG AGC ACC TCT CdG GGC ACA GCG 277 
Phe Pro Leu Ala Pro Ser Ser Lys Sar Thr Ser Gl'y Gly Thr Ala 

10 15 20 

GCP CTG GGC TGC CTG jGj.C- AAG GAC TAC TTC CCC GAA CCG GTG m 322 

Ala Leu Gly Cys Leu Yal Lys Aap Tyr Phe Pro GIu Pro Vol Thr 

25 30 35 
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GTG TCG TGO A AC TCA GGC GCC CTG ACC AGC GGC GTG CAC ACC TTC 367 
Yai Ser Trp Asn Ser Cly Ala Leu Thr Ser Gly Val His Tbr Phe 

40 45 50 

COG GCT GTC CTA CAG TCC TCA GGA CTC TAC TCC CTC AGC AGC GTG 412 
Pro A I a Val Leu Gin Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val 

65 60 65 

GTG ACC GTG CCC TCC AGC AGC TTG GGC ACC CAG ACC TAC ATC TGC 457 
Val Thr Val Pro Ser Ser Ser Leu Gly Tbr Gin Thr Tyr lie Cys 

70 75 80 

AAC GTG A AT CAC AAG CCC ACC AAC ACC AAG GTG GAC AAG AAA GTT 502 
Asn Val Asn Ills Lys Pro Ser Asn Thr Lys Val Asp Lya Lys Vol 

86 90 85 

GGTGACAGGC CAGCACACGG ACGCAGGGTG TCTGCTGGAA CCACGCTCAG CGCTCCTGCC 5S2 
TGGACGCATC CCGGCTATGC AGCCCCAGTC CAGGGCAGCA AGGCAGGCCC CGTCTGCCTC 822: 
TTCACCCGGA GCCICTGCCC GCCCCACTCA TGCTCAGGGA GAGCGTCTTC TGGCTTTTTC 682 . 
CCAGGCTCTC GGCACGCACA GGCTAGGTGC CCCTAACCCA GGCCCTGCAC ACAAAGGGCC 742 '= 
AGGTGCTGGG CTCAGACCTG CCAAGAGCCA TATCCGGGAG GACCCTGCCC CTGACCTAAG 802 7 
CCCACCCCAA AGGCCAAACT CTCCACTCCC TCAGCTCGGA CACCTTCTCT CCTCCCAGAT 882 
TCCAGTAACT CCCAATCTTC TCTCTGCA GAG CCC AAA TCT TCT GAC AAA ACT 914 " 
Glu Pro Lys Ser Cys Asp Lys Thr 
I 6 

CAC ACA TGC CCA CCG TGC CCA GGTAACCCAG CCCAGGCCTC GCCCTCCAGC 965 
ills Thr Cys Pro Pro Cys Pro 
10 15 
TCAAGGCGGG ACAGGTGCCC TAGAGTAGCC TGCATCCAGG GACAGGCCCC AGCCGGGTGC 1025 
TGACACGTCC ACCTCCATCT CTTCCTCA GCA CCT GAA CTC CTG GGG GGA CCG 1077 
Ala Pro Glu Leu Leu Gly Gly Pro 
1 5 
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TCA GTC TTG CTC TTC CCC CCA AAA CCC AAG GAC ACC CTC ATG ATC 1122 
Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Lau Het lie 

10 15 .20 

ICC CGq. ACC -DDT. GAG GTC ACA TGC GTG GTG GTG GAC CTG ACC CAC . 1167 

Ser Are Thr Pro Glu Val Thr Cys .Yal Yal Val Asp Val Ser Ills 

26 30 35 

Uh QAC CCT GAG QTQ AAQ TTC AAC TGC TAC GTG GAC GCC GTG GAG 1212 
Glu Asp Pro Glu Val Lys Phe Asn. Trp Tyr. Vat As» G!-y Vei Glu 

40 -46 60 

GTC CAT AAT GCC A AG AO A AAG CCC CGG GAG (SAG CAP TAG A AG AGC . 1257 
Vol (Its Asn Ala lys Thr Lya Pro ktt Glu Glu Gin Tyr Asn Ser 

55 ■ ■ r : 60 . ----65-- - - v;:.-'--;;- ■■ ■ 

ACQ TAG CGG CTG GTG AGC GTG CTC ACC GTG CTG CAC CAG GAC -IGG , 1302 

Thr Tyr Arj Val Yal Ser Yal Leu Thr Yal Leu His Gin Asp Trp 

70 75 80 

CTG AAT GGC AAG GAG TAC AAG TGC AAG GTC TCG AAC AAA GCC CTC 1347 

Leu Asn Gly Lys Glu Tyr lys Cys Lys Yal Ser Asn Lys Ala Leu 

85 . . 90 ... 95 

CCA GCC CCC ATC GAG AAA ACC ATC TCC AAA GCC AAA CGTCGGACCC 1393 

Pro Ala Pro lie Glu Lys Thr lie Ser Lys Ala Lys 

joo • to's. •• ; : 

GTGGGGTGCG -AGGGCCACAT GGACAGAGGC .CGGCTCGGCC__C_ACCCTCTGC. CCTCAGAGTG 1463 
ACCGCTGTAI A AC.CTC.fCl r h IJ CAG C CGA CAA CCA CAI 1! A( 15CI 
" dy Gin Pro Ars C]j Pro Gin Yal Tyr 
1 6 

ACC CTG CCC CCA TCC CGG GAT GAG GTG ACC AAG AAC CAG GTC AGC 1561 
Thr Leu Pro, Pro Ser Ar? Asp Glu Leu Thr Lys Asn Gin Yal Ser 
10 15 • 20 
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CTG ACC TGC CTG OTC AAA GCC TTG TAT CCC ACC GAC ATC GCC GTG 1686 
Leu Thr Cys Lou Val Lys Gly Phe Tyr Pro Ser Asp lie AU Val 

26 30 35 

GAG TGG GAG ACC AAT GGG CAG CCG GAG AAC AAC TAC AAG ACC ACG 1841 
Glu Trp G)u Ser Asn Gly Gin Pro Gin Asn Asn Tyr Lys Thr Thr 

40 45 50 

CCT CCC GTG CTG GAC TCC GAC GGC TCC TTC TJC CTC TAC AGO AAG 1888 
Pro Pro Vol Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Lys 

66 80 66 

CTC ACC GTG GAC AAG AGC AGG TGG CAG CAG GGG AAC GTC TTC TCA 1731 
Leu Thr Val Asp Lys Ser Ars Trp Gin Din Gly Asn Val Phe Ser 

70 76 80 

TGC TCC GTG ATG CAT CAG GCT CTG CAC AAC CAC TAC ACG CAG AAG 1778 
Cys Ser Val Met Ills Glu Ala Leu Ills Asn Ills Tyr Thr Gin Lys 
86 80 95 

AGC CTC TCC CTC TCT CCG GGT AAA TGAGTGCCAC PCCCCCCAAG CCCCGCTCCC 1830 
Ser Leu Ser Leu Ser Pro Gly Lys 
100 106 

CGGGCTCTCG CGGTCGCACG ACGATGCTTG CCACGTACCC CCTGTACATA CTTCCCGGCC 1890 
GCCCAGCATG GAAATAAAGC ACCCAGCGCT GCCCTGCCCC CCTGCGAGAC TCTGATGCTT I860 
CTTTCCACCG GTCAGGCCGA GTCTCAGGCC TGACTGGCAT GAGGGAGGCA GAGCGGGTC 2009 
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SEQ ID NO! 6 
SEQUENCE LENGTH : 4 

5 

SEQUENCE TYPE! amino aoid 
STRANDEDNESS : g t h« le 
TOPOLOGY : 1 Inear 

10 

MOLECULE TYPE: peptide 

SEQUENCE: 

Gly Ars Gly Asp . 
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SEQ ID NO: 7 
SEQUENCE. LENGTH: 44 
SEQUENCE TYPE: nuoleio acid 

30 

STRANDEDNESS : single 
TOPOLOGY : linear 

MOLECULE TYPE: Other nuoleio acid (synthetic DNA) 

35 ... .... 

SEQUENCE DESCRIPTION 5 

GAAGAGCCTC TCCCTCGGCC GGG.GCGACTC TCCGGGTAAATGAG 44 



45 



50 
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SEQ ID NO: 8 
SEQUENCE LENGTH : 32 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 
MOLECULE TYPE: Genoa I c DNA 
SEQUENCE DESCRIPTION : 

G AAG AGO CTC TCC CTG TCT CCG GGT AAA TGAG 32 
Lys Ser Leu Ser Leu Ser Pro Giy Lys 
1 E 



25 SEQ 10 NO : 9 

SEQUENCE LENGTH : 44 

SEQUENCE TYPE: nuclelo acid 
30 STRANDEDNESS : single 

TOPOLOGY i linear 

MOLECULE TYPE! Genomio DNA 
35 SEQUENCE DESCRIPTION: 

G AAG AGC DTC TCC CTC GGC CGG GGC GAC TCT CCG GGT AAA TGAG 44 
Lys Ser Leu Ser Leu Gly Arg Gly Asp Ser Pro Gly Lys 
40 1 6 10 



50 
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SEQ ID NO: 10 
SEQUENCE LENGTH : 7 
SEQUENCE TYPE: amino acid 
STRANDEDNESS; single 
TOPOLOGY.: linear 
MOLECULE TYPE: peptide 
SEQUENCE DESCRIPTION: 

Thr Gly hrt Cly Asp Sar Pro ■ : 

i ....... .t v. . v.-,- 

.utQ.iB.iQj U_. : ..... 

SEQUENCE LENGTH : 51 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS : single 
TOPOLOGY: linear 

MOLECULE TYPE: Other nucleic acid (synthetic DNA) 
SEQUENCE DESCRIPTION: 

ACCGTGGACA AGAGCACCGG CCGGGGCGAC AGCCCTAGGT GGCAGCAGGG G 
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SEQ ID NO ! 12 
SEQUENCE LENGTH : 30 
SEQUENCE TYPE : nucleic acid 
STRANDEDNE5S : single 
TOPOLOGY : linear 
MOLECULE TYPE: Genoa I o DNA 
SEQUENCE DESCRIPTION : 

ACC GTG GAC A AG AGO AGG TGG CAG CAG GGG 30 
Thr Yal Asp Lys Ser Arg Trp Gin Gin Gly 
1 6 10 
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SEQ ID NO: 13 

SEQUENCE LENGTH: 51 

SEQUENCE TYPE: nuolelo acid 
30 STRANOEDNESS : single 

fOPOLOGY: linear 

MOLECULE TYPE: Genomic DNA 
35 SEQUENCE DESCRIPTION: 

ACC GTG GAC AAG AGC ACC GCC CGG GGC GAC AGO CCT AGG TGG CAG 46 

Thr Yal Aa P Lys Ser Thr Gly Arg Cly Asp Ser Pro Ar* Trp Gin 
40 16 io j 5 

CAG GGG 61 
Gin Gly 
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SEQ ID NO : 14 
SEQUENCE LENGTH : 20 
SEQUENCE TYPE: nucleic acid 
STRANDEDNESS : single' 
TOPOLOGY I linear 

MOLECULE TYPE: Other nucleic acid (synthetic UNA) 

HYPOTHETICAL : NO. . 

ANT1-SENCE : NO . .; 

FSATUBE : . _ v ; . 

1-20 E prlner 

SEQUENCE DESCRIPTION : 

GQGCTCTCGC GGTCCCACGA. 20 , 



SEQ ID NO: 15 
SEQUENCE LENGTH : 23 
SEQUENCE TYPE: nucleic aold 
STRANDEDNESS: slnile 
TOPOLOGY : linear 

MOLECULE TYPE : Other nucleic sold (synthet ic DMA) 
HYPOTHETICAL : NO ' . : „; . i_. : 

; : anti-seuce": vhs / ; ' v ; _ ; 

"FtATUJiE : " ' ' '•" " 

■-••-J-.' : —. 1 -29 E • pr lner ••• - - - ■ • •• ■ 
SEQUENCE DESCRIPTION: 
CCCBGATCCG TCGAAACAAC CATCACAGT 29 



Claims 



1. An artificial antibody having an antigen binding activity and an artificial eeil adhesive activity. 

2. An artificial antibody according to claim 1 1n which the artificial cell adhesive activity is caused by an amino 
acid sequence having a ceil adhesive activity introduced Into the antibody molecule. 
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3. An artificial antibody according to claim 1 or 2 in which the amino acid sequence is Arg-Gly-Asp-Ser 
(RGDS; sequence of SEQ ID No. 1 in the Sequence Listing). 

4. An artificial antibody according to claim 2 or 3 in which the sequence is introduced into a constant region 
of H-chain. 

5. A DNA which codes for a constant region of H-chain of an artificial antibody, the constant region having 
introduced therein an amino acid sequence having an artificial cell adhesive activity. 

6. A DNA according to claim 5 in which the amino acid sequence is Arg-Gly-Asp-Ser sequence (RGDS; sequ- 
ence of SEQ ID No. 1 in the Sequence Listing). 

7. A DNA according to claim 5 having a sequence of SEQ ID No. 4 in the Sequence Listing. 



30 
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Fig. 2 
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Fig, 3 
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Fig. 4 
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Fig. 6 
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Fig. 10 
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D Artificial antibody. 



^ An artificial antibody having antigen binding 
and artificial cell adhesive activity is described, 
comprising the amino acid sequence Arg-Gly- 
Asp-Ser introduced into a constant region of 
the H-chain of an artificial antibody. 

DNA coding for the artificial antibodies of the 
invention form another aspect of the Invention. 
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